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$EVWUDFW 7KH DLP RI WKLV VWXG\ LV WR LPSURYH WKH SHUIRUPDQFH RI DOO LQHGLEOH SODQWVGHULYHG PDWHULDOV IRU QHZ
HQJLQHHULQJPDWHULDOVVXFKDVVWUXFWXUDOPDWHULDOVDQGWULERPDWHULDOV7KHUPDOSURSHUWLHVRIKHPSILEHUILOOHGSRO\DPLGH
ELRPDVVFRPSRVLWHVDQG WKHEOHQGRI WKHVHFRPSRVLWHVDQGSODQWVGHULYHG73(ZHUH LQYHVWLJDWHGH[SHULPHQWDOO\
7KHVH ELRPDVV FRPSRVLWHV ZHUH H[WUXGHG E\ D WZLQ VFUHZ H[WUXGHU DQG FRPSUHVVLRQ RU LQMHFWLRQ PROGHG 7KHUPDO
SURSHUWLHV VXFK DV G\QDPLF PHFKDQLFDO DQDO\VLV '0$ WKHUPRJUDYLPHWULF DQDO\VLV 7*$ DQG GLIIHUHQWLDO VFDQQLQJ
FDORULPHWU\'6&RI WKHVHELRPDVVFRPSRVLWHVZHUHHYDOXDWHG ,WZDV IRXQGWKDWWKHDGGLWLRQRI+)DQGWKHEOHQGRI
ELR73(ZLWK3$KDYHVWURQJLQIOXHQFHRQWKHWKHUPDOSURSHUWLHVVXFKDV'0$7*$DQG'6&,QSDUWLFXODU+)
KDVDJRRGHIIHFWIRUWKHLPSURYHPHQWRIWKHWKHUPDODQGPHFKDQLFDOSURSHUWLHV7KHVHSURSHUWLHVRI+)3$3$(
ELRPDVVFRPSRVLWHVDUHEHWWHUWKDQWKRVHRI+)3$738RQHV
.H\ZRUGV7KHUPDOSURSHUWLHV%LRPDVVSRO\PHUFRPSRVLWHV1DWXUDOILEHU3ODQWVGHULYHGSRO\DPLGH3RO\PHUEOHQG
3$&6 4N%W 3J 3T
,1752'8&7,21
%LRSRO\PHUV DQG ELRPDVV SRO\PHU FRPSRVLWHV KDYH EHHQ H[WHQVLYHO\ LQWHUHVWHG QRW RQO\ DV D VROXWLRQ WR
JURZLQJHQYLURQPHQWDOWKUHDWVEXWDOVRDVDVROXWLRQWRDOOHYLDWLQJWKHXQFHUWDLQW\RIWKHSHWUROHXPVXSSO\LQUHFHQW
\HDUV,QDGGLWLRQVXSSO\RIUDZPDWHULDOVLVXQVWDEOHVLQFHPDQ\RIELRSRO\PHUVDUHPDGHIURPHGLEOHELRPDVV
OLNHDVFRUQ ,QRUGHU WR VROYH WKHVHSUREOHPV WKHQHZHQJLQHHULQJPDWHULDOVEDVHGRQ DOO LQHGLEOHSODQWVGHULYHG
PDWHULDOVDUHVWURQJO\UHTXLUHG,QRXUSUHYLRXVVWXGLHVZHLQYHVWLJDWHGWKHPHFKDQLFDODQGWULERORJLFDOSURSHUWLHVRI
QDWXUDO ILEHU UHLQIRUFHG ELRSRO\PHU FRPSRVLWHV VXFK DV KHPS ILEHU +) UHLQIRUFHG LQHGLEOH SODQWVGHULYHG
SRO\DPLGH3$ELRPDVVFRPSRVLWHVDQGWKHEOHQGRIWKHVHFRPSRVLWHVDQGSODQWVGHULYHGWKHUPRSODVWLF
HODVWRPHUV73(VXFKDVSRO\DPLGHHODVWRPHU3$(DQGWKHUPRSODVWLFSRO\XUHWKDQHHODVWRPHU738,W
ZDVIRXQGWKDWWKHPHFKDQLFDODQGWULERORJLFDOSURSHUWLHVRIWKHVHFRPSRVLWHVDUHLPSURYHGZLWKWKHILOOLQJRIKHPS
ILEHUVWKHLUVXUIDFHWUHDWPHQWE\VLODQHFRXSOLQJDJHQWDQGWKHDGGLWLRQRI73(+RZHYHULQRUGHUWRDFKLHYHIXUWKHU
KLJKHU SHUIRUPDQFH LQ WKH QDWXUDO ILEHU UHLQIRUFHG ELRSRO\PHU FRPSRVLWHV WKHUH LV D NH\ LVVXH WKDW WKH WKHUPDO
SURSHUWLHVRIWKHVHELRPDVVFRPSRVLWHVLVYHU\FULWLFDOWRXQGHUVWDQGKHDWUHVLVWDQFHLQWHUQDOPLFURVWUXFWXUHVWKHLU
FKDQJHDQGVWUXFWXUHSURSHUW\UHODWLRQVKLSVRIWKHVHPDWHULDOV7KHDLPRIWKLVVWXG\LVWRLPSURYHWKHSHUIRUPDQFH
RIDOOLQHGLEOHSODQWVGHULYHGPDWHULDOVIRUQHZHQJLQHHULQJPDWHULDOVVXFKDVVWUXFWXUDOPDWHULDOVDQGWULERPDWHULDOV
7KHUPDOSURSHUWLHVVXFKDVG\QDPLFPHFKDQLFDODQDO\VLV'0$WKHUPRJUDYLPHWULFDQDO\VLV7*$DQGGLIIHUHQWLDO
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VFDQQLQJ FDORULPHWU\ '6& RI KHPS ILEHU ILOOHG LQHGLEOH SRO\DPLGH  ELRPDVV FRPSRVLWHV DQG WKH EOHQG RI
WKHVHFRPSRVLWHVDQGSODQWVGHULYHG73(ZHUHLQYHVWLJDWHGH[SHULPHQWDOO\
(;3(5,0(17$/
7KH PDWHULDOV XVHG LQ WKLV VWXG\ ZHUH WKH VXUIDFH WUHDWHG KHPS ILEHU UHLQIRUFHG SRO\DPLGH  ELRPDVV
FRPSRVLWHV+)3$DQGWKHEOHQGRIWKHVHFRPSRVLWHVDQGSODQWGHULYHGWKHUPRSODVWLFHODVWRPHUVELR73(
3RO\DPLGH3$9HVWDPLG7HUUD'6'DLFHO(YRQLF/WG-DSDQZDVXVHGDVWKHPDWUL[SRO\PHU7ZR
W\SHVRISODQWVGHULYHG73(ELR73(3$(3(%$;5QHZ5$UNHPD..-DSDQDQG7383$1'(;
7%1 ',& %D\HU 3RO\PHU /WG -DSDQ ZHUH XVHG DV WKH EOHQGLQJ PDWHULDOV ZLWK +)3$ FRPSRVLWHV
3$DQG3$(H[FHSW WKHSRO\HWKHU JURXSVXVHGDVVRIWVHJPHQWZHUHPDGHIURPSODQWGHULYHGFDVWRURLO
7KHFRPSRVLWLRQRIWKHSRO\PHUEOHQGRI3$DQG73(ZDVIL[HGDVE\ZHLJKWIUDFWLRQ+HPSILEHU+)
I+HPS/HYR,QN-DSDQZDVXVHGDVWKHUHLQIRUFHPHQWILEHU+HPSILEHUVZHUHSUHYLRXVO\FXWLQWROHQJWK
RIDERXWPPDQGZHUHVXUIDFHWUHDWHGE\WZRW\SHVRIVXUIDFHWUHDWPHQWDDONDOLWUHDWPHQWE\VRGLXPK\GUR[LGH
1D2+VROXWLRQDQGEVXUIDFHWUHDWPHQWE\XUHLGRVLODQHFRXSOLQJDJHQWXUHLGRSURS\OWULPHWKR[\VLODQH$
0RPHQWLYH3HUIRUPDQFH0DWHULDO,QF86$$ONDOLWUHDWPHQWE\1D2+ZDVHPSOR\HGDVIROORZVDVROXWLRQRI
1D2+ZDVWDNHQLQDVWDLQOHVVEHDNHU7KHFKRSSHGKHPSILEHUVZHUHDGGHGLQWRWKHEHDNHUDQGVWLUUHGZHOO7KLV
ZDVNHSWDWURRPWHPSHUDWXUHIRUK7KHILEHUVZHUHWKHQZDVKHGWKRURXJKO\ZLWKZDWHUWRUHPRYHWKHH[FHVVRI
1D2+VWLFNLQJWRWKHILEHUV7KHDONDOLWUHDWHGILEHUV+)$ZHUHGULHGLQDLUIRUKDQGLQDYDFXXPRYHQDWR&
IRUK8UHLGRVLODQHFRXSOLQJDJHQWZDVXVHGDVVXUIDFH WUHDWPHQWDJHQWV7KH WUHDWPHQWRIKHPSILEHUVZLWK WKH
FRQFHQWUDWLRQRIZWXUHLGRVLODQHFRXSOLQJDJHQWZDVFDUULHGRXWLQZWRIDFHWLFDFLGDTXHRXVVROXWLRQLQ
ZKLFK WKH S+ RI WKH VROXWLRQ ZDV DGMXVWHG WR  DQG VWLUUHG FRQWLQXRXVO\ IRU  PLQ 7KHQ WKH ILEHUV ZHUH
LPPHUVHGLQWKHVROXWLRQIRUPLQ7KHVXUIDFHWUHDWHGKHPSILEHUV+)6ZHUHUHPRYHGIURPWKHVROXWLRQDQGLQ
DLUIRUKDQGLQDYDFXXPRYHQDWR&IRUK7KHYROXPHIUDFWLRQRIILEHUVfLQWKHFRPSRVLWHVZDVIL[HGZLWK
YRO
$OO WKHFRPSRQHQWVZKLFKZHUHGULHGIRUKDWR&LQYDFXXPRYHQZHUHGU\EOHQGHG LQ WKHVPDOOSODVWLF
ERWWOHVXEVHTXHQWO\PHOWPL[HGDWUSPDQGR&RQDWZLQVFUHZH[WUXGHU7(;-DSDQ6WHHO:RUNV/WG
-DSDQ$IWHUPL[LQJ WKH H[WUXGHG VWUDQGV RI YDULRXV+)3$3$( FRPSRVLWHVZHUH FXW E\ SHOOHWL]HU DQG
ZHUHGULHGDJDLQDWR&IRUKLQYDFXXPRYHQ9DULRXVVKDSHGVDPSOHVIRUYDULRXVH[SHULPHQWVZHUHLQMHFWLRQ
PROGHG16$1LVVHL3ODVWLF,QGXVWULDO-DSDQ7KHPROGLQJFRQGLWLRQVZHUHDVIROORZVF\OLQGHUWHPSHUDWXUHV
RIR&PROGFDYLW\WHPSHUDWXUHRIR&DQGWKHLQMHFWLRQUDWHRIFPV,QDGGLWLRQVKHHWVRIPPWKLFNQHVV
ZHUHFRPSUHVVLRQPROGHGXQGHUWKHFRQGLWLRQVRIR&PLQDQG03DDQGFXWLQWRPP[PP[PPVKDSH
VSHFLPHQ IRU PHDVXUHPHQW RI G\QDPLF PHFKDQLFDO DQDO\VLV 7R NHHS WKH GU\LQJ FRQGLWLRQV RI VSHFLPHQV IRU DOO
PHDVXUHPHQWVWKH\ZHUHNHSWLQDFFRUGDQFHZLWK-,6.IRUDWOHDVWKDWR&LQGHVLFFDWRUVDIWHUPROGLQJ
7KHUPDO SURSHUWLHV VXFK DV G\QDPLF PHFKDQLFDO DQDO\VLV '0$ WKHUPRJUDYLPHWULF DQDO\VLV 7*$ DQG
GLIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&ZHUHHYDOXDWHG7KHVWRUDJHPRGXOXVORVVPRGXOXVDQGORVVWDQJHQWWDQG
RIWKHFRPSRVLWHVZHUHPHDVXUHGDVIXQFWLRQRIWHPSHUDWXUHIURPWRR&XVLQJD'0$HTXLSPHQW56$
7$LQVWUXPHQW&R/WG86$ZLWKDWHQVLOHIL[WXUHDWDIUHTXHQF\RI+]7KHWKHUPRJUDYLPHWULFDQDO\VLV7*$
ZDVFDUULHGRXWLQD7*$HTXLSPHQW7KHUPRSOXV(925LJDNX&R/WG-DSDQ7KHVDPSOHVXVHGIRUWKH7*$
ZHUHFXWIURPLQMHFWLRQPROGHGFRXSRQVSHFLPHQ LQWRDVPDOOSLHFHKDYLQJDZHLJKWRIPJ7*$PHDVXUHPHQW
ZDV SURJUDPPHG IRU KHDWLQJ IURP  WR R& ZLWK D KHDWLQJ UDWH RI R&PLQ 7KH GLIIHUHQWLDO VFDQQLQJ
FDORULPHWU\'6&ZDVPHDVXUHGE\'6&HTXLSPHQW'6&6KLPDG]X&R/WG-DSDQ7KHVDPSOHVXVHGIRUWKH
'6&ZHUHSUHSDUHGOLNHWKRVHIRU7*$PJ'6&PHDVXUHPHQWZDVVFDQQHGIURPWRR&ZLWKDFRQVWDQW
KHDWLQJUDWHRIR&PLQ
5(68/7$1'',6&866,21
)LUVWWKHG\QDPLFPHFKDQLFDODQDO\VLVRIKHPSILEHUILOOHGSRO\DPLGHELRPDVVFRPSRVLWHV+)3$
ELRPDVV FRPSRVLWHV DQG WKH EOHQG RI WKHVH FRPSRVLWHV DQG SODQWVGHULYHG 73( +)3$ELR73( ELRPDVV
FRPSRVLWHVLVGLVFXVVHG7KHVWRUDJHPRGXOXVE’DQGORVVWDQJHQWWDQGDUHSORWWHGDVDIXQFWLRQRIWHPSHUDWXUHTIRU
QHDW3$+)63$+)63$3$(DQG+)63$738FRPSRVLWHVLQ)LJD(¶YV
7 DQG )LJ E WDQG YV T UHVSHFWLYHO\ E’ RI +)3$ FRPSRVLWHV LV KLJKHU WKDQ WKDW RI QHDW 3$
LQGLFDWLQJWKDW+)KDVDVWURQJUHLQIRUFLQJHIIHFWRQWKHHODVWLFSURSHUWLHVRI3$2QWKHRWKHUKDQGE’RIWKH
WHUQDU\ELRPDVVFRPSRVLWHV+)3$ELR73(GHFUHDVHZLWKEOHQGLQJRIELR73(VXFKDV3$(DQG738DQG
KDYHWKHVDPHOHYHODWWKDWRIQHDW3$,QSDUWLFXODUE’RI+)3$3$(ELRPDVVFRPSRVLWHVDUHVOLJKWO\
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KLJKHU WKDQ WKDW RI +)3$738 RQHV LQ WKH WHPSHUDWXUH UHJLRQ KLJKHU WKDQ R& 7DQG FXUYHV )LJ E
H[KLELWWZRUHOD[DWLRQSHDNV7KHILUVWSHDNEHWZHHQDWDQGR&UHSUHVHQWVWKHJUDVVWUDQVLWLRQWHPSHUDWXUHTgRI
WKHFRPSRVLWHVDQGWKHVHFRQGRQHEHWZHHQDWDQGR&VKRZVWKHUHOD[DWLRQDULVLQJIURPWKHK\GURJHQERQGV
EHWZHHQ WKH 3$ FKDLQV 7KH UHOD[DWLRQ SHDN DW WKH KLJK WHPSHUDWXUH UHJLRQ RI +)3$ FRPSRVLWHV
GHFUHDVH LQ FRPSDULVRQ ZLWK QHDW 3$ DOWKRXJK WKRVH RI WHUQDU\ ELRPDVV FRPSRVLWHV VXFK DV
+)3$3$( DQG +)3$738 DUH WKH VDPH OHYHO DW WKDW RI QHDW 3$ 2Q WKH RWKHU KDQG WKH
UHOD[DWLRQ SHDN DW WKH ORZHU WHPSHUDWXUH UHJLRQ RI QHDW 3$ VKLIWV WRZDUG WKH ORZHU WHPSHUDWXUH ZLWK WKH
DGGLWLRQ RI +) KRZHYHU WKRVH RI WHUQDU\ ELRPDVV FRPSRVLWHV GR QRW VKLIW ,Q JHQHUDO WKRVH RI ULJLG ILEHU RU
LQRUJDQLF ILOOHU ILOOHGSRO\PHUFRPSRVLWHVVKLIW WRZDUG WKHKLJKHU WHPSHUDWXUHGXH WRUHVWULFWLQJ WKHPRYHPHQWRI
WKHSRO\PHUFKDLQV ,QFRQWUDVW IOH[LEOH ILEHU VXFKDV WKHQDWXUDO ILEHUHPSOR\HG LQ WKLVVWXG\VKRZWKHFRQWUDU\
WHQGHQF\7KHPHFKDQLVPVRIKRZWKHDGGLWLRQRI+)DIIHFWVWKHUHOD[DWLRQSHDNDWWKHORZWHPSHUDWXUHUHJLRQRI
FRPSRVLWHVQHHGVWREHVWXGLHGIXUWKHU,QDGGLWLRQWDQGFXUYHRI+)3$738ELRPDVVFRPSRVLWHVVKRZV WKH
VPDOOUHOD[DWLRQSHDNEHWZHHQDWDQGR&ZKLFKPD\E\GHULYHGIURP738
1H[WWKHWKHUPRJUDYLPHWULFDQDO\VLV7*$RIYDULRXV3$ELRPDVVFRPSRVLWHVLVGLVFXVVHG)LJVKRZV
7*FXUYHVWKHZHLJKWDVDIXQFWLRQRIWHPSHUDWXUHTRIYDULRXV3$ELRPDVVFRPSRVLWHV7KHZHLJKWRIQHDW
3$LVKLJKHUWKDQWKDWRIYDULRXV+)ILOOHG3$ELRPDVVFRPSRVLWHVRYHUWKHZKROHUDQJHRIWHPSHUDWXUH
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